Simulations of trapping of diesel particulate matter in a metallic substrate with protrusions by Ström, Henrik & Andersson, Bengt
Chalmers Publication Library
Simulations of trapping of diesel particulate matter in a metallic substrate with
protrusions
This document has been downloaded from Chalmers Publication Library (CPL). It is the author´s
version of a work that was accepted for publication in:
13th Nordic Symposium on Catalysis, October 5-7, 2008, Göteborg, Sweden
Citation for the published paper:
Ström, H. ; Andersson, B. (2008) "Simulations of trapping of diesel particulate matter in a
metallic substrate with protrusions". 13th Nordic Symposium on Catalysis, October 5-7,
2008, Göteborg, Sweden
Downloaded from: http://publications.lib.chalmers.se/publication/149441
Notice: Changes introduced as a result of publishing processes such as copy-editing and
formatting may not be reflected in this document. For a definitive version of this work, please refer
to the published source. Please note that access to the published version might require a
subscription.
Chalmers Publication Library (CPL) offers the possibility of retrieving research publications produced at Chalmers
University of Technology. It covers all types of publications: articles, dissertations, licentiate theses, masters theses,
conference papers, reports etc. Since 2006 it is the official tool for Chalmers official publication statistics. To ensure that
Chalmers research results are disseminated as widely as possible, an Open Access Policy has been adopted.
The CPL service is administrated and maintained by Chalmers Library.
(article starts on next page)
Simulations of trapping of diesel particulate matter
in a metallic substrate with protrusions
Henrik Ström and Bengt Andersson
Department of Chemical and Biological Engineering, Chemical Reaction Engineering,
Chalmers University of Technology, SE-412 96 Göteborg, Sweden
The Competence Centre for Catalysis is hosted by Chalmers University of 
Technology and financially supported by the Swedish Energy Agency and the 
member companies: AB Volvo, Volvo Car Corporation, Scania CV AB, GM 
Powertrain Sweden AB, Haldor Topsøe A/S and The Swedish Space Corporation. 
Overview
Flow-through filters may be a plausible solution for PM reduction
on gasoline vehicles and for pre-filter PM capture on heavy-duty
diesel vehicles in order to optimize wall-flow filter efficiency and
reliability. In this study, the PM trapping characteristics of a
metallic flow-through substrate with protrusions were
investigated.
Modeling
The forces acting on the particles taken into consideration were
the drag force, the gravitational force, the lift force, the van der
Waals interaction between the particles and the walls, and the
Brownian motion of the particles. The gas flow was solved for
using Large Eddy Simulation. Particles are released evenly on
the inlet and are assumed to always stick at walls. Figure 1 Computational mesh and substrate properties
Substrate property Measurement
Channel height 1 mm
Wall thickness 50 m
Mesh dimensions 4 (W) x 1.05 (H) x 6 (L) mm
Substrate length 72 mm
Figure 2 Particle trapping efficiency
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Figure 3 Particle patterns on substrate outlet for four different particle types
Figure 4 Patterns of particle trapping for small (20 nm; to the 
left) and large (1 m; to the right) particles. The gas flows from 
bottom to top and modules are shown from above. The domain 
is 12 modules in total and the results are layered on top of each 
other. 23% more particles are trapped in the right picture.
0 0.5 1 1.5 2 2.5 3 3.5 4
x 10
-3
0
1
2
3
4
5
6
x 10
-3
0 0.5 1 1.5 2 2.5 3 3.5 4
x 10
-3
0
1
2
3
4
5
6
x 10
-3
Conclusions
• There is a minimum trapping efficiency for medium-sized particles (around
150 nm in diameter) in this substrate (see Figure 2)
• This is due to the interaction between the two dominant trapping
mechanisms (Brownian motion and inertial impaction)
• Small and large particles are trapped in different regions of the substrate
(see Figure 4)
• Redistribution of particles at the edges of the protrusions are important for
the dispersion of larger particles
• This model can be used to study the particle trapping efficiency of arbitrary
flow-through devices in an aftertreatment system and will be further developed
to also allow particle tracking inside porous structures
Case Vmean
[m/s]
Re T [ C]
1 24 380 400
2 17 480 200
3 12 190 400
4 8 240 200
